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Lots of folks have a good aim in life... but most of 
them don’t know when to pull the trigger. 


—Gilerafter 


SYNC CIRCUITS AND D-C RESTORERS 


To troubleshoot efficiently the 
many makes and models of televi- 
sion receivers on the market to- 
day, the television serviceman 
needs a good understanding of 
the requirements of the various 
sections of the receiver as well as 
of the operation of the basic types 
of electron circuits. With this 
knowledge, he employs trouble- 
shooting techniques to determine 
whether a given section performs 
all of the functions assigned to it. 


The preceding lesson described 
the various functions of the group 
of circuits known as the sync sec- 
tion, and explained in detail the 
operation of the electron tube and 
filter circuits which fulfill the syne 
requirements of the television re- 
ceiver. Also, we mentioned that 
the basic circuits are employed in 
different combinations by the var- 
ious designers to accomplish the 
desired results. Thus, in analyz- 
ing a circuit arrangement which 
he has not encountered previous- 
ly, the technician applies his 
knowledge of circuit theory to de- 
termine which functions are per- 
formed by each stage and circuit 
component in the section. 


This lesson describes the syne 
circuits employed in a number of 
commercial receiver models to il- 
lustrate the variations in design, 
all of which satisfy the various 
syne section requirements ex- 
plained previously. The knowl- 
edge gained in the study of these 


circuits should enable you to make 
similar analyses of the sync sec- 
tions employed in other makes 
and models. ‘ 


As explained, the syne section 
separates the syne signals from 
the remainder of the video wave. 
Also, it amplifies and inverts the 
syne pulses when required, and 
filters the composite syne signal 
so that only pulses of the proper 
frequency are applied to each de- 
flection circuit. In addition, the 
syne circuit includes some more 
or less elaborate means of pre- 
venting noise energy from pass- 
ing through the section to cause 
loss of syne by the horizontal and 
vertical deflection oscillators. 
Operating as limiters, both the 
syne separator and the syne am- 
plifier remove some noise energy 
by their action in clipping off por- 
tions of the signal applied to their 
input. Besides this, resistor and 
capacitor networks are used to 
block noise in some syne circuits, 
while others employ one or more 
electron tube stages for this pur- 
pose. In fact, many syne circuit 
designs are much alike except for 
the method employed to cancel or 
filter noise pulses. 


COMPLETE SYNC CIRCUITS 


Emerson 
Figure 1 shows the syne circuit 
employed in a number of Emer- 
son Television receiver models. In 
this circuit, the syne separator 
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tube is the triode section of a type 
5U8 triode-pentode, while the 
syne phase inverter employs one 
section of a duo-triode type 
6SN7GTB. Tube V; is the video 
amplifier, the plate circuit of 
which contains peaking coils L, 
and Ly and load resistor Ry. Ca- 
pacitor C, couples the amplifier 
output to the cathode of the pic- 
ture tube as indicated. From the 
junction between Ly, and Rs», the 
negative picture phase video sig- 
nal is coupled through Rz, Ry, Cs, 
and the parallel components Ry 
and C; to the grid of the syne 
separator tube V.. The plate of 
this triode is operated at 100 volts, 
and the cathode is grounded. The 
peaks of the positive going sync 
pulses of the input signal produce 
grid current which charges Cy» 
and C,; to the polarity indicated. 


Between sync pulses, Cy dis- 
charges slightly through R; to 
produce the grid leak bias voltage 
Ex,- In series aiding between grid 
and cathode, voltages Ec, and Ex, 
bias the tube negative beyond cut- 
off, so that plate current is pro- 
duced only by the positive syne 
pulses. These syne pulses produce 
pulses of plate current which re- 
duce the plate voltage, resulting 
in the negative voltage pulses in- 
dicated at the plate of V». In this 
receiver, positive sync pulses are 
required to properly control the 
deflection oscillators. Therefore, 
tube V;, is employed to invert the 
phase of the pulses as shown. Un- 


der the action of grid leak bias, 
and with its plate operated at 65 
volts, V; also serves as a clipper 
or limiter. From the junction be- 
tween R,) and Ry, the positive 
sync pulses are applied to the dif- 
ferentiating circuit C;Ry2, and in 
turn the horizontal deflection cir- 
cuit, and to the two-section inte- 
grating circuit Ri;Cs, RyyC; and 
the vertical deflection circuit. 





A television receiving antenna designed for 
reception in the uhf band. 


Courtesy American Phenolic Corp. 


Together with C. and R;, re- 
sistor Ry and capacitor C; form 
what is known as a double time 
constant network in the grid cir- 
cuit of the syne separator. The 
purpose of this arrangement is to 
prevent large amplitude noise 
pulses, or “spikes”, from changing 
the bias on the separator. Increas- 
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ed bias for even the short time of 
the noise pulse can cause a par- 
tial or total loss of vertical syn- 
chronism. Capacitor C; has a value 
of only 220 micromicrofarads 
compared with the .01 microfar- 
ad of C.. Like the syne pulses, 
the noise spikes have positive po- 
larity in the video amplifier out- 
put, but may have even greater 
amplitude. When such a_ noise 
spike or pulse occurs, it produces 
a large grid current in V» which 
charges both C, and C; as shown. 


However, the capacitance of C, 
is so much less than that of Cy 
that this charging current quickly 
increases Eo, to a high value, but 
causes very slight increase of Ko,. 
The voltage E., is approximately 
equal to the noise pulse voltage. 
However, these two voltages are 
series opposing, and therefore 
tend to cancel each other so that 
the bias, Ex,, is determined only 
by the charge on C. which has not 
changed appreciably. After the 
noise pulse is ended, there is no 
longer any need for the higher 
voltage of Hco,, and capacitor C, 
discharges through R,. An addi- 
tional means for preventing large 
amplitude noise pulses from in- 
creasing the bias on V. is the 
“picture stabilizer’ resistor Ry. 
In areas where there is consider- 
able noise, or where signals are 
weak, this control is adjusted to 
insert resistance in the circuit, 
and thus increase the charging 


time constants in the coupling 
circuit. 


It was mentioned that the syne 
phase inverter V,; operates with 
grid leak bias. This condition 
exists even though the output of 
V. consists of negative going syne 
pulses. In the V» plate circuit, R; 
and R, form a voltage divider be- 
tween B+ (125 v) and ground. 
The junction of these resistors 
supplies + 100 volts to the plate 
of V». Thus, during the intervals 
between pulses, the ungrounded 
end of Rg is 100 volts positive. 
When syne pulses swing the V» 
plate in the negative direction, 
coupling capacitor C, discharges 
slightly through Ry to provide 
negative pulses at the grid of V3. 
The resulting reductions of V; 
plate current produce the positive 
plate voltage pulses as indicated. 


In the plate circuit of the syne 
separator V»s, as each negative 
syne pulse is completed, the plate 
voltage returns to its operating 
value of +100 volts. However, as 
the wave-form drawn at this point 
in the Figure shows, a slight oscil- 
lation occurs during the first part 
of which the plate voltage rises a 
few volts above 100. This over- 
shoot, as it is called, applies a 
momentary positive voltage to the 
grid of V;, producing cathode to 
grid electron flow which charges 
C, to a little over 101 volts, and 
with the polarity indicated. Dur- 
ing the remainder of the cycle, 


S 
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the series opposing voltages, Eo, 
and Bk,, apply a net bias of 100— 
101, or —1 volt to the grid of V3. 
To obtain a steep rising front on 
the V; output pulses, it is neces- 
sary for Cy to discharge very rap- 
idly when the negative sync pulses 
are applied to it. This rapid dis- 
charge action is obtained by con- 
necting Ry to B+ instead of 
ground. 


Bendix 


Figure 2 shows the syne circuit 
employed in the Bendix television 
receivers which use chassis No. 
T19. In this circuit, the triode 
section of a type 5BE8 triode-pen- 
tode is employed as the sync sepa- 
rator. The triode section of a type 
6AWS8 triode-pentode serves as 
the sync clipper. From the junc- 
tion between R, and R; in the 
video amplifier plate circuit, the 
negative picture phase video sig- 
nal is coupled through R,, Cs, and 
the parallel circuit R; and C; to 
the grid of the syne separator. 
Resistor R, serves as an isolating 
resistor to prevent shunting the 
plate circuit of the video ampli- 
fier with the input capacitance of 
the syne separator tube. 


Together with coupling capaci- 


_ tor Cz and grid resistor Rs, the 


parallel circuit R;C, form a dou- 
ble time constant network to pre- 
vent changes in grid bias due to 
noise pulses. Grid current charges 
Co, and electrons leak off C, 
through R; and Ry. The resulting 


voltage across the 2.2 megohm re- 
sistor R, biases the tube beyond 
cutoff so that only syne pulses 
cause conduction. R; has a resist- 
ance of only 150,000 ohms to per- 
mit C; to discharge relatively 
quickly after a noise pulse has 
charged it as explained for the 
comparable circuit of Figure 1. 


In the circuit of Figure 2, the 
video signal input to the grid of 
V2 may vary between 25 and 135 
volts peak to peak, but the syne 
separator limits the output pulses 
to 25 volts peak to peak. Thus, 
the sync pulses in the output have 
amplitude as great as that of the 
entire input video signal when the 
input is only 25 volts PP. How- 
ever, since the plate current is 
varied from cutoff to saturation 
with even this low input level, an 
increase of input signal amplitude 
cannot increase the output level. 
That is, the amplification obtain- 
ed decreases as the input signal 
increases, to provide the constant 
output amplitude indicated. 


As shown in the Figure, the 
plate of V» is direct-coupled to the 
grid of the syne clipper Vy. Both 
the V. plate and V; grid operate 
at 21 volts positive with respect 
to ground. The voltage across 
cathode resistor Ry places the V; 
cathode at +21.5 volts with re- 
spect to ground. Therefore, the 
syne clipper tube operates with 
its grid at 0.5 volt negative with 
respect to its cathode, and with a 
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plate voltage of 145 volts with re- 
spect to ground. The 25 volt PP 
amplitude of the input pulses is 
sufficient to drive V, into cutoff 
during the negative peaks. This 
action clips the peaks to provide 
output pulses with more constant 
flat tops. 





Vertical rolling of the image is caused when 

noise pulses trigger the vertical deflection 

oscillator. This loss of synchronism may be 

due also to a sync circuit defect which pre- 

vents proper application of the sync signal to 
the vertical oscillator 


From the plate of V;, 70 volt 
PP positive pulses are applied to 
the three-section integrating cir- 
cuit, RyCy, RioCs, RiiCy, the out- 
put of which is coupled to the ver- 
tical deflection circuit. This re- 
ceiver employs a horizontal fre- 
quency control circuit which re- 
quires both positive and negative 
syne pulses. To provide these out- 
puts, the syne clipper is operated 
as a phase splitter. Thus, resistor 
Rs is the cathode circuit section 
of the plate load, while R,. and 
R,; form a voltage divider in the 


plate circuit section. Positive syne 
pulses, 25 volts PP, are céupled 
through C; to the horizontal fre- 
quency control circuit, while the 
V, cathode supplies 25 volt PP 
negative pulses to this circuit by 
means of capacitor Cy. 


RCA 


A number of RCA television 
receiver models, such as the Model 
No. 24-D-655, contain the syne 
circuit shown in Figure 3. Here, 
both the video detector and first 
video amplifier are included to 
show the connections to the noise 
cancel circuit which employs the 
triode tube V;. V2 and V; are the 
pentode and triode sections re- 
spectively of a type 6AW8 triode- 
pentode. The V, and V; stages 
constitute the actual syne circuit. 
The syne pulses are separated in 
the sync amplifier which operates 
in the same manner as the syne 
separators of Figures 1 and 2. 


The use of the term “SYNC AM- 
PLIFIER” in the RCA schematic il- 
lustrates the differences in termi- 
nology employed by the various 
manufacturers. However, as you 
gain experience in circuit study, 
you will learn to recognize any 
given stage according to the func- 
tions performed by it, regardless 
of the name given to it. Clues to 
the functions are the location of 
the stage with regard to other 
stages, the arrangement and val- 
ues of its circuit components, the 
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type of tube used, and the operat- 
ing voltages applied to the elec- 
trodes of the tube. 


For example, in Figure 3, the 
video signal output of video am- 
plifier V. is coupled through iso- 
lating resistor R;, blocking capac- 
itor Cy, and the parallel networks 
RiC; and Ry2C,y to the grid of 
triode Vy. Thus, the V, stage is 
the first stage of the sync section, 
usually the stage in which the 
syne pulses are separated from 
the blanking and picture infor- 
mation. The 1.2 megohm grid re- 
sistor R,; and the grounded cath- 
ode indicate that the tube employs 
grid leak bias. Also, the indicated 
low plate voltage of 33.5 volts is 
typical of syne separator opera- 
tion. 


The syne output tube V; also 
employs low plate voltage, but its 
grid is operated at only —0.1 volt 
with respect to cathode. Also, the 
video detector is connected to sup- 
ply a positive picture phase sig- 
nal. Inverted by the V» stage, this 
signal has positive going syne 
pulses when applied to the grid of 
V,, which is proper for syne sepa- 
rator operation. However, invert- 
ed by V,, the syne pulses are 
negative going at the grid of V;. 
Therefore, although V; can oper- 
ate as a limiter and clip a portion 
of the signal applied to it, plate 
current is decreased in this tube 
by the input syne pulses. Thus, 
V, operates in the manner of a 


syne separator stage, while V; 
operates like the sync clippers 
and phase inverter amplifiers ex- 
plained previously. 


The noise cancel tube V; oper- 
ates in the following manner. 
With no noise in the signal, V3 is 
cut off by the negative voltage 
applied from the slider on R; 
through resistor R, to the grid. 
Peaking coils L, and L, and resis- 
tors Ry and R; form the plate load 
of the video detector. The video 
signal appears with negative go- 
ing sync pulses and negative going 
noise pulses across these compo- 
nents, due to the direction of the 
detector diode current. This cur- 
rent makes the cathode of V3 
negative with respect to ground. 


With no noise in the signal, the 
negative voltage on the V; cath- 
ode is not sufficient to overcome 
the bias on the grid, and the tube 
remains cut off. However, a high 
amplitude noise impulse drives ,)\ 
the cathode of V; highly negative, 
reducing the grid-cathode bias, 
and the tube conducts plate cur- 
rent. The negative noise pulse on 
the cathode of V; is equivalent to 
a positive pulse on the grid. There- 
fore, an amplified pulse of nega- 
tive polarity is produced at the 
plate. At the same time, the nega- 
tive going noise pulse is applied 
to the grid of V. to produce a pos- 
itive noise pulse at the plate of 
this tube. Thus, the negative pulse 
at the plate of V,; is coupled 
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through C, to cancel the positive 
pulse coming from the plate of 
V., thus little or no noise is car- 
ried by C, to the input of V,. 


Further noise rejection is pro- 
vided by the double time constant 
network in the syne amplifier grid 
circuit. Here, Ry, and C; in par- 
allel are connected between cou- 
pling capacitor C, and grid resis- 
tor Rs, as in the comparable cir- 
cuit of Figure 2, while Ri, and Cy 
are located between the grid resis- 
tor and grid as in Figure 1. 


Operating with its grid only 
slightly negative, tube V; of Fig- 
ure 3 conducts grid current dur- 
ing the first part of the positive 
portions of the input signal. This 
current charges C; to provide a 
grid leak bias of —0.1 volt, as in- 
dicated. If it were not for a large 
resistance R,; between the grid 
and B+ this bias would build up 
to a larger voltage. However, due 
to the voltage divider action of 
resistors Ri; and R,« in series 
from B+ to ground this voltage 
is held very close to zero voltage 
when V; is not conducting. How- 
ever, the instant V; conducts the 
resistance of V; and Ry in par- 
allel is so small compared to Ry; 
that the voltage quickly goes 
negative with the sync pulse. 
Therefore the V; plate voltage 
has a steep rising front. This 
wave-form is desirable for accu- 
rate timing of the deflection gen- 
erators. The output stage provides 


positive pulses to the vertical and 
horizontal deflection circuits from 
separate points in its plate circuit 
as indicated. 


Du Mont 


As mentioned previously, an 
undesirable action in the grid leak 
bias type of syne separator or 
clipper is the increase of bias 
produced by large amplitude noise 
pulses. This action is a direct 
result of the operating principle 
upon which this type of circuit 
is based. That is, the magnitude 
of the grid leak bias is determined 
by the peak amplitude of the sig- 
nal. When the noise pulses exceed 
the amplitude of the sync pulses, 
which is often the case, the bias 
of the tube is increased. With in- 
creased bias, the separator tube 
operates farther below cutoff than 
normal, and the sync pulses are 
unable to overcome the bias suffi- 
ciently to produce appreciable 
conduction, if any. Thus, the syne 
circuit output consists of noise 
pulses, and small or no syne 
pulses, unless some method such 
as those described is employed 
to suppress or cancel the noise 
energy when it appears in the 
signal. 


A syne clipper or separator in 
which the bias is determined by 
the time duration of the syne 
pulses, instead of the peak ampli- 
tude of the signal, is employed in 
the Du Mont RA-166, 167 and 
RA-170, 171 chassis. The circuit 
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of the sync section used in these 
chassis is given in Figure 4. Here, 
the noise inverter V, provides 
negative going noise pulses to 
cancel the positive going noise 
pulses in the video signal applied 
to the grids of V. and V;. The 
horizontal syne pulses are sep- 
arated from the composite video 
signal by the 1st syne clipper, 
and the vertical syne pulses are 
separated from the composite 
video signal by the 2nd syne 
clipper. The syne pulse outputs 
of Vz and V; are combined and 
applied to the cathode of the 3rd 
syne clipper Vy. This stage clips 
the tips of the syne pulses, and 
couples positive going pulses to 
the phase splitter V;, which sup- 
plies both positive and negative 
pulses as required to the deflec- 
tion circuits. 


In the circuit of Figure 4, the 
video signal output of the video 
amplifier is impressed with nega- 
tive picture phase, or positive 
syne phase, across the voltage 
divider consisting of resistors R,, 
R,, and R;. From the tap between 
R, and Ry», this signal is applied 
through isolating resistor Ry to 
the grid of Vz. The positive por- 
tions of the signal produce plate 
current in this tube. The resulting 
voltage across Rx is applied 
through R; to C,, and charges this 
capacitor so that its ungrounded 
plate is positive. Between V» plate 
current pulses, C, discharges 
through R, and R; to provide a 


voltage across these resistors 
which biases the cathodes of Vj, 
V. and V; positive with respect 
to ground. 


Although a small positive volt- 
age is applied from the video 
amplifier plate circuit through R, 
and R, to the grid of Vz, the posi- 
tive bias on the cathode is suffi- 
ciently greater than the positive 
grid voltage to bias the tube 
negatively beyond cutoff. There- 
fore, V. conducts only during the 
syne pulses. Each time a sync 
pulse causes the 1st syne clipper 
to conduct, the voltage Ex, is ap- 





A sync circuit defect which causes loss or par- 

tial loss of the sync pulses needed by the 

horizontal control circuit results in loss of 

horizontal synchronism with this effect on 
the image. 


plied to C, and R,, in series, 
causing C, to charge through Ry. 
Electrons flow from ground 
through R,,; to the lower plate of 
Cy, and from the upper plate 
through V. and the B (+300 v.) 
supply to ground. This current 
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charges C, so that its upper plate 
is positive. 


The horizontal sync pulses are 5 
microseconds long and the in- 
terval between them is 58 micro- 
seconds. Likewise, there is a long 
interval of 32 microseconds be- 
tween the equalizing pulses, each 
of which is only 2.5 microseconds 
in duration. Therefore, for the hor- 
izontal syne pulses and the equal- 
izing pulses, C, charges slightly 
for each pulse, and has plenty of 
time to discharge before the next 
pulse arrives. Ri; and Ry, form 
the discharge path for this capac- 
itor. Since R,, carries both the 
charge and discharge currents for 
Cy, a voltage pulse is produced 
across this resistor each time a 
horizontal syne or equalizing pulse 
is applied to the grid of V». 


On the other hand, the vertical 
sync pulses have a duration of 27 
microseconds with intervals of 
only 4 microseconds between 
them. When the group of six 
vertical pulses arrives, the first 
charges C, to a relatively high 
voltage, and the capacitor dis- 
charges only a small amount in 
the 4 microsecond interval before 
the next pulse begins. Each ver- 
tical pulse adds more charge to 
the capacitor, which still retains 
most of the charge placed upon 
it by the preceding pulses. Thus, 
an accumulation of charge is built 
up on Cy. As the upper plate of 
C, is positive, this high voltage 


developed across the capacitor 
makes the cathode of V». very 
positive with respect to ground. 
Since making the cathode positive 
is equivalent to making the grid 
negative, this action increases the 
grid-cathode bias to reduce plate 
current in the tube. Due to this 
increase of bias, the plate current 
of V. is very small for all of the 
vertical syne pulses after the first. 


This large voltage on Cy, pro- 
duced by the long duration ver- 
tical syne pulses, is applied 
through R; and charges C, to 
provide the bias for Vi, V2, and 
V;. The short duration horizontal 
syne and equalizing pulses have 
almost no effect on this bias since, 
as explained, C, receives only a 
very small charge from each such 
short pulse, and those charges do 
not accumulate because C, dis- 
charges completely after each 
pulse. The advantage of this ar- 
rangement is that noise pulses, 
which have short duration also, 
cannot affect the bias on the syne 
clipper tubes. The bias is deter- 
mined only by the 27 microsec- 
ond vertical syne pulses. 


Since the V, plate current is 
small for all of the vertical syne 
pulses after the first, the voltage 
pulses produced across Ry; by this 
tube are much too low in ampli- 
tude to be used for synchronizing 
the vertical deflection circuit. 
Therefore, the 2nd syne clipper 
V, is employed to provide the 
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needed vertical sync pulses. Volt- 
age from the cathode of Vz» is 
applied through resistor R,, to 
the cathode of V; to bias this tube 
negative beyond cutoff. The filter 
RC; prevents the horizontal syne 
and equalizing pulses from being 
applied to the V; cathode. How- 
ever, these pulses charge C; so 
that the cathode of V;.-is slightly 
more positive than the cathode 
of Ve. 


Directly connected by resistor 
Ry, the grids of tubes V. and V; 
would have the same voltage if it 
were not for the fact that the V; 
grid is connected through R; to 
the highest voltage point on the 
R,R.R; divider. That is, the B+ 
voltage in the video amplifier 
plate circuit is applied to this di- 
vider so that the upper end of R, 
is the most positive point. In turn, 
the voltage across R, is applied to 
a voltage divider consisting of R;, 
Ry and Rg. Connected to the junc- 
tion between R; and Ry, the grid 
of V; is slightly more positive 
than the V. grid which connects 
to the junction between Ry and 
Ry. With this arrangement, the 
grid-cathode biases on V. and V; 
are made about equal. Neither 
grid is very positive since R; is 
15 megohms while Ry and Ry are 
only 470,000 and 33,000 ohms, 
respectively. 


From the grid of V., the posi- 
tive sync pulse video signal is cou- 
pled through the integrating net- 


work R,C; to the grid of V;. With 
the tube biased beyond cutoff, 
only sync pulses cause conduction. 
Ry and C; provide a time constant 
of approximately 25 microsec- 
onds. Therefore, the 5 microsec- 
ond horizontal syne pulses and 
the 2.5 microsecond equalizing 
pulses charge C, only slightly to 
produce very little positive volt- 
age at the grid, and do not cause 
conduction of V;; but the 27 mi- 
crosecond vertical syne pulses are 
integrated to produce a large volt- 
age pulse which drives this tube 
into conduction. The plate cur- 
rent pulse produces a_ voltage 
across Rg and Ry», and this volt- 
age is applied to C; and Ry, in 
series. Due to this applied volt- 
age, electrons flow from ground 
through R,, to the lower plate of 
C;, and from the upper plate 
through V; and the B supply to 
ground. As C; has relatively large 
capacitance, .25 microfarad, the 
time constant of R,, and C; is 
long, about 1000 microseconds. 
Therefore, the charging current 
produces the vertical syne pulse 
voltage across Rj, but does not 
increase the voltage on C; to any 
great extent. Thus, V; continues 
to conduct during the entire ver- 
tical syne pulse group because its 
bias is not increased as is the case 
with Vo. 


Resistor R,, forms a common 
cathode circuit load for V. and V3. 
As explained, the 1st sync clipper 
produces horizontal syne and 
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equalizing pulses across Ry, while, 
the 2nd syne clipper produces 
vertical syne pulses across this 
resistor. As a result, the compos- 
ite syne pulse signal is combined 
or reassembled across R,,, from 
where it is applied to the cathode 
of tube V4. 


In the third syne clipper stage, 
Ri. maintains the grid and cath- 
ode at about the same direct volt- 
age, while C, maintains the grid 


TO syne 
> PHASE 
INVERTER 

















In this pentagrid sync separator system, a 

sync amplifier inverts the video detector out- 

put to provide the third grid of the separator 

tube with a signal 180° out of phase with 

that coupled directly from the detector to the 
first grid. 


at a-c ground potential. Since the 
signal input consists of positive 
going pulses applied to the cath- 
ode, it has the same effect as neg- 
ative pulses applied to the grid. 
R,; and R,,; form a voltage divider 
across the 300 volt B supply so 
that 60 volts is applied to the 
plate of Vy. With this low plate 


voltage, cutoff occurs at a rela- 
tively small grid-cathode differ- 
ence of potential. Therefore, the 
positive syne signal pulses on the 
cathode drive V, into cutoff so 
that the tops of the pulses are 
clipped. This clipping action re- 
moves noise which may be super- 
imposed on the tops of the syne 
pulses. 


From the plate of V4, positive 
syne pulses are coupled through 
C; to the grid of the phase split- 
ter tube V;. C; and Ris form a 
grid leak bias network which 
biases the grid negatively. The 
comparatively long duration ver- 
tical syne pulses charge C; more 
than the horizontal sync or equal- 
izing pulses, and thus increase the 
bias. With a greater bias on the 
grid, V; provides sync pulses with 
reduced amplitude immediately 
after the vertical syne pulse. To 
overcome this condition, resistor 
R,; is connected from the grid to 
the +150 volt line, to apply a 
small positive voltage to the grid. 
This connection allows the charge 
on C; to leak off rapidly after the 
vertical syne pulse. 


With positive pulses applied to 
its grid, the V; plate current is 
increased by each pulse to increase 
the voltage across each of the 
load resistors, Riz, Ryy and Ryy. 
This action produces negative 
pulses at the plate of the tube, 
and positive pulses at the upper 
ends of Ry, and Ry. The negative 
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plate pulses and the positive 
pulses across Rj, are coupled 
through Cy, and Cy, respectively, 
to the horizontal frequency con- 
trol circuit. The positive pulses at 
the V; cathode are applied to an 
integrating circuit (not shown), 
and to the vertical deflection 
circuit. 


In the noise inverter circuit, 
the entire positive voltage across 
C, is applied to the cathode of V;. 
The grid is connected to the junc- 
tion between R» and R; so that it 
obtains a lower positive voltage 
than that applied to the V. grid. 
As a result of these applied volt- 
ages, the operating point of V, is 
so far negative beyond cutoff that 
no part of the composite video sig- 
nal can cause conduction in this 
tube. That is, the tube is normal- 
ly cut off. However, the video sig- 
nal is applied to the grid from the 
junction between R, and R;. When 
the signal contains noise pulses 
which exceed the amplitude of the 
syne pulses, these positive noise 
spikes make the grid sufficiently 
positive to overcome the bias and 
drive the tube into conduction. 
Since the noise pulses are positive 
at the grid of V,, they produce 
negative pulses at the plate. The 
video signal applied from the 
junction of R, and R. to the grids 
of V. and V; has positive going 
syne and noise pulses. Therefore, 
these positive pulses in the video 
signal are cancelled by the nega- 
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tive noise pulses coupled from the 
V, plate through capacitor C. to 
the grid of Vs, and from here 
through resistor Ry to the grid 
of V3. 


General Electric 


The video and syne circuits em- 
ployed in the General Electric 
Model 21T28, and other models, 
are shown in Figure 5. The syne 
section contains a pentagrid type 
separator and noise cancel circuit, 
followed by a direct coupled phase 
splitter amplifier. From two 
points in the video section, out-of- 
phase video signals are applied to 
the syne circuit input. One of 
these input signals is clipped by 
the limiting action of one grid in 
V. to produce a sync signal out- 
put free of picture and blanking 
information. Applied to another 
grid of V», the other signal cuts 
the tube off when noise pulses ex- 
ceed the amplitude of the syne 
pulses. 


The Figure includes the receiv- 
er video circuits to show the 
method of obtaining the out-of- 
phase video signals. In the detec- 
tor circuit, the crystal diode D, is 
connected so that the i-f voltage 
alternations which make the up- 
per end of L; negative produce 
diode current. Electrons flow from 
ground, up through L, and 
through D,, Le, Ls, and R, to 
ground. As a result, the un- 
grounded end of load resistor R; 
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is made negative. Thus, at point 
X, the video signal has positive 
picture phase with negative going 
sync pulses. This signal is coupled 
through C,; to the control grid 
of V, and also through C, to 
grid No. 1 of the syne separator 
tube Vo. 


Inverted by the video amplifier, 
the video signal has negative pic- 
ture phase with positive going 
sync pulses at the plate of V,, and 
at point Y. From the junction be- 
tween L; and Rg, the positive syne 
pulse video signal is applied 
through Cys, and parallel C; and 
R, to grid No. 3 of the pentagrid 
sync separator tube. This grid and 
the cathode act as a diode which 
rectifies the applied signal, charg- 
ing Cg, as indicated. This charge 
partially leaks off through R; and 
R,, to the cathode, producing a 
voltage across Ry; which biases 
the grid negative. This bias cuts 
off the tube, but because the 
charge is allowed to partially leak 
off, the syne pulses can overcome 
the bias and cause the tube to 
conduct. 


The pulses of plate current 
cause the Vz plate voltage to fall, 
thus producing negative syne 
pulses, stripped free of blanking 
and picture information, at point 
Z. Applied to the grid of the phase 
splitter tube V;, these negative 
pulses are reproduced as positive 
going pulses at the V, plate, and 
negative going pulses at the cath- 


ode. From these points, they are 
applied to the respective deflec- 
tion circuits as indicated. 


The noise cancelling action of 
this type of syne separator has 
been explained in detail in a pre- 
vious lesson. Reviewing briefly, a 
small positive voltage is applied 
to the first grid of V., causing 
this grid to lose control of plate 
current almost completely. Nor- 
mally, the video signal applied 
from point X is too small to drive 
the Vz first grid negative with re- 
spect to the cathode. But, when 
the signal contains a noise pulse 
which exceeds the amplitude of 
the sync pulses, this noise pulse 
drives the grid negative to cut off 
the tube. With the tube thus cut 
off, neither noise nor sync pulses 
appear in its output for the dura- 
tion of the noise pulse. The tem- 
porary interruption of sync pulses 
is better than allowing noise to 
pass through to the deflection 
circuits. 


Because of the power supply 
connections employed in this par- 
ticular receiver, the cathode of V. 
is 130 volts positive with respect 
to ground. The purpose of this 
arrangement is explained in a 
later lesson, and has nothing to 
do with the action of the sync 
separator. 

To make the first grid of Vz a 
small amount positive with re- 
spect to the cathode, it is connect- 
ed through Rx, Ry, and Ry, to the 
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+275 volt B+ point, as indicated. 
With the grid positive, there is 
grid current. Electrons flow from 
the cathode to the grid, and 
through Rx, Ry and Rip to B+. 
The cathode-to-grid resistance, 
Rex, forms a voltage divider with 
Rg, Ry and Ry». Each of these re- 
sistors has very large resistance 
compared with Rex when the tube 
allows grid current. Therefore, 
most of the applied B+ voltage 
is across the three resistors, and 
only a small part is across Rex. 
Because of this voltage divider 
action, the grid of V. is only 
slightly positive with respect to 
the cathode. 


The positive voltage required 
on the 1st grid of V» depends upon 
the amplitude of the received sig- 
nal. When the signal is strong, 
the grid must be operated suffi- 
ciently positive so that the nega- 
tive going sync pulse cannot drive 
the tube into cutoff. If the sync 
pulse tips cut off the tube, the am- 
plitude of the pulses produced in 
the output is reduced to cause 
partial loss of synchronism. How- 
ever, the more positive the grid 
is operated, the less control it has, 
with the result that the explained 
noise cancelling action occurs only 
for relatively large amplitude 
noise pulses. Cancelling action on 
low as well as high amplitude 
noise pulses can be obtained when 
the received signal is weaker by 
operating the grid less positive, 
thus giving it more control. 


The receiver of Figure 5 pro- 
vides a means of selecting either 
of three different positive voltages 
for the first grid of V2. With 
switch S, in the position shown, 
resistors, Ry, Ry, and Ry are in 
series between the V» grid No. 1 
and B+. This position is for weak 


SYNC CIRCUIT TUBES 












































SEPARATOR AMPLIFIER 
Ya 6AN8 Y_ 12AU7 
6cs6é Yp 12AU7 
6CS6 % SSN7GT___| 
Yy 5U8 Vy 6SN7GT 
VY 6SN7GT Vp 6SN7GT 
Ya 12AU7 Ya 12AU7 
6BY6 Ya 6ANB 
Yo 6U8 6CG7 
6BE6 6AV6 
Yh 5U8 VY, 6SN7GT 
3CS6 None 
6C4 VY 6SN7GT 











Typical combinations of tube types employed 
in the sync circuits of modern television 
receivers. 


received signals, as it supplies the 
smallest positive voltage to the 
grid. Thus, in weak signal areas, 
where noise causes the most trou- 
ble, the noise canceller action is 
most effective. In the case of me- 
dium signal strength, S, is rotated 
so that R,, is shorted, and there- 
fore a higher positive voltage is 
applied to the grid, lessening its 
control. Finally, when the received 
signals are strong, S; is rotated 
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further to short both Ry») and Ry». 
With only Ry between the grid 
and B+, the largest positive volt- 
age is applied to further reduce 
the grid control and, as mention- 
ed, to prevent the syne pulses 
from cutting off the tube. 


Syne Circuit Troubles 


Just as in all other sections of 
the television receiver, every tube, 
capacitor, and resistor in the syne 
circuit is a necessary component, 
and is selected with regard to type 
or value to provide the desired 
circuit action. Therefore, any 
change in value or operation of a 
sync circuit component results in 
abnormal output, or loss of out- 
put, from the last sync stage, with 
consequent loss of synchronism 
in the reproduced picture. How- 
ever, every case of loss of picture 
synchronism is not necessarily 
due to a defect in the syne cir- 
cuits. For these circuits to per- 
form their functions properly, 
they must receive the composite 
video signal of sufficient ampli- 
tude and without distortion. Thus, 
a fault in the r-f, i-f, or v-f cir- 
cuits which results in a detected 
video signal that is too low in 
amplitude, or of improper wave- 
form, can produce the loss-of-syne 
symptoms. 


If the video signal amplitude is 
not great enough, the grid leak 
bias developed in the syne sepa- 
rator grid circuit may not oper- 


ate the tube at a sufficiently nega- 
tive operating point. As a result, 
the tube may pass part or all of 
the blanking and picture informa- 
tion along with the sync signals. 
Thus, the blanking and picture 
signals trigger the deflection cir- 
cuits, causing them to lose syn- 
chronism. 


As an example of a fault with- 
in the syne circuit, suppose plate 
load resistor R;, of the syne sepa- 
rator of Figure 1, decreases in 
resistance. This defect causes two 
changes in the operation of V,. 
First, with the lower resistance, 
plate current produces a smaller 
voltage across R;, and the plate 
voltage of V. rises. With higher 
plate voltage, the I,-E,., character- 
istic shifts so that the operating 
point is no longer sufficiently neg- 
ative with respect to cutoff. As a 
result, the desired separating ac- 
tion cannot take place, and the 
picture and blanking signals ap- 
pear in the plate circuit, along 
with the sync pulses. 


Second, with the decreased 
plate load resistance, the gain of 
the stage is decreased also. There- 
fore, V. does not amplify the sig- 
nals as intended. As indicated in 
the Figure, 25 volt PP sync pulses 
are required at the syne separator 
plate to properly drive the phase 
inverter stage. This fault will 
cause horizontal pulling of the 
picture, vertical rolling, or com- 
plete loss of synchronism, depend- 
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ing upon the extent of decrease 
in R; resistance. The same symp- 
toms can be produced by a weak 
syne separator tube or syne am- 
plifier tube. 


Poor vertical synchronism, with 
normal horizontal synchronism, 
results due to leakage in any of 
the integrator circuit capacitors, 
C, or C; in Figure 1, or Cy, Cs, or 
C, in Figure 2. 


If there is leakage in coupling 
capacitor C., Figure 2, this capac- 
itor may not maintain a charge 
sufficient to produce the high grid 
leak bias required by the sync 
separator tube. Then, V» does not 
separate the sync pulses from the 
composite video signal, with re- 
sultant loss of both horizontal 
and vertical synchronism. 


A defect such as leakage in ca- 
pacitor C,, Figure 3, reduces the 
bias on the noise cancel tube V3. 
The video signal applied to the 
cathode then causes this tube to 
conduct for syne pulses, and pos- 
sibly blanking and picture signals 
as well, instead of only high am- 
plitude noise pulses. As the video 
signal then produced at the V, 
plate is 180° out of phase with 
that coming from the plate of V., 
these two signals partially cancel 
so that a very weak video signal 
is applied to the syne separator 
stage. Sufficient grid leak bias is 
not produced, proper separation 
cannot occur, with consequent 
loss of synchronism. 


As explained for the circuit of 
Figure 5, the phase splitter am- 
plifier has its load resistance in 
two sections, R,; in the cathode 
circuit, and Ry, in the plate cir- 
cuit. If R,;, for example, were to 
decrease in resistance, there would 
result a reduction in amplitude of 
the sync pulses applied to the hor- 
izontal control circuit. This defect 
would cause poor horizontal syn- 
chronization, with normal verti- 
cal syne. 


The above possible troubles in 
syne circuits merely describe 
what could happen if such defects 
occur. Naturally, there are many 
others. The object of later lessons 
is to explain how to isolate and 
correct faults in various sections 
of a receiver. 


Except for the added compo- 
nents employed to extend the pass 
band, the video amplifier of a tele- 
vision receiver is similar to the 
voltage amplifier stages employed 
in the audio section of a radio. 
Both video and audio signals con- 
sist of complex mixtures of alter- 
nating voltages and, neglecting 
their respective frequency ranges, 
are much the same. However, the 
video signals also must include 
information concerning the aver- 
age or background illumination of 


the transmitted scene so that the . 


various elements or details are 
reproduced on the receiver screen 
with the original respective de- 
grees of brightness or shading. 
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D-C RESTORATION 


Screen Brightness Levels 


On the receiver screen, the 
brightness of the scanning line 
pattern, or raster, is determined 
by the bias of the picture tube 
control grid. The more negative 
the grid with respect to the cath- 
ode, the fewer the electrons which 
reach the screen, and the lower 
the brightness level. If the grid 
bias is decreased, more electrons 
reach the screen and a_ higher 
level of brightness is obtained. 





The background brightness of the picture tube 
screen is determined by the bias applied be- 
tween its grid and cathode. 


Courtesy Radio Corporation of America 


Called a brightness or bril- 
liance control, a potentiometer 
is included in the picture tube 
cathode or control grid circuit to 
provide a means of adjusting the 
grid bias, and thus determine the 
operating point of the tube. The 
signal voltage is applied to the 


grid and causes its instantaneous 
voltage to vary about the oper- 
ating point. 

Although these signal varia- 
tions produce picture elements 
which are respectively darker and 
brighter than the average level of 
screen brightness, they do not 
give any information regarding 
the average brightness of the 
scene scanned at the studio. There- 
fore, if this potentiometer were 
the only brightness control in the 
receiver, the viewer could adjust 
it for some desired level of aver- 
age brightness, but he would not 
know whether a generally dark or 
bright scene was being viewed by 
the television camera. 


Reference Level 


To provide a basis for the 
proper adjustment of the bright- 
ness controls of the receivers 
tuned to any particular station, 
the transmitted signal contains a 
brightness reference level. This 
reference could be the zero signal 
level which produces maximum 
white on the screen, or a level 
corresponding to some definite 
shade of gray, between maximum 
white and black. 

Since the various degrees of 
screen brilliance vary with differ- 
ent picture tubes and receiver 
circuits, the only practical refer- 
ence is the signal level which 
causes zero brightness or a 
“black” screen. Known as the 
black level, this is the reference 
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used in modern television 


systems. 


Nature of the Television Signal 


For any particular picture tube, 
the cutoff grid voltage is always 
the same. Therefore, the grid bias 
must be controlled in such a way 
that the blanking pulses are able 
to reduce the scanning spot inten- 
sity to zero, regardless of the 
average brightness of the pic- 
ture being received. 

To provide this condition, the 
blanking pulses have greater am- 
plitude than the black level, and 
the viewer may use them as a ref- 
ence. To cause the picture details 
to have their correct respective 
brightness levels, with respect to 
black, it is simply necessary that 
the blanking pulses reduce the 
screen brightness to zero. 

As explained, the black level is 
transmitted at a fixed signal am- 
plitude, while the modulation cor- 
responding to the details of the 
scene causes the signal level to 
vary from instant to instant in 
accordance with the relative in- 
tensities of the picture elements 
scanned by the camera. For 
proper reproduction of a televi- 
sion scene, not only the picture 
details, but also the background 
must have the proper brightness 
with respect to black. The back- 
ground brightness level may be 
thought of as a zero axis with 
the instantaneous intensities of 
the picture details varying above 
and below. 


This zero axis, or background 
brightness level, may remain con- 
stant for a comparatively long 
period of time, or it may change 
slowly, or more rapidly. However, 
even the relatively rapid changes 
are quite slow compared to the 
video frequencies corresponding 
to the details of the scene. 
Whether constant or changing, 
the background brightness seldom 
decreases to zero or black level. 


Hence, there is a d-c difference 
of potential between the zero axis 
and the black level of the picture 
signal. If the background of the 
reproduced image is to have the 
proper level with respect to black, 
the transmitted signal must re- 
tain this d-c component. Further- 
more, the receiver should operate 
in such a way that the d-c com- 
ponent controls the grid bias of 
the picture tube. For this reason, 
many television receivers contain 
an “automatic brightness control” 
circuit which, together with the 
brightness control potentiometer, 
determines the actual negative 
bias on the picture tube grid. The 
automatic brightness control cir- 
cuit must be responsive to changes 
in the d-c component so that any 
variations of the background illu- 
mination are reproduced. 


D-C Insertion at the Transmitter 


In the process of forming the 
complete video signal at the trans- 
mitter, the picture signal a-c axis 
may be adjusted to its proper 
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value with respect to the blank- 
ing level by the addition of a di- 
rect voltage, the magnitude of 
which is determined by the aver- 
age brightness of the scene. This 
direct voltage usually is inserted 
in the grid circuit of one of the 
tubes in the transmitter mixing 
circuit, and its amplitude adjust- 
ed by an engineer seated in the 
control booth where he can ob- 
serve the scene being televised. 


For example, when a generally 
dark scene is being scanned in the 
studio, a low direct voltage is in- 
serted so that the signal a-c axis 
is not far below the level of the 
blanking pulses, as indicated by 
E,.. in Figure 6E. When a bright 
scene is being scanned, a higher 
direct voltage is inserted, and the 
a-c axis falls well below the blank- 
ing level, as indicated by Ey... in 
Figure 6F. 


Modulated by the video signals 
of Figures 6E and 6F, the tele- 
vision r-f carrier can be repre- 
sented by the curves of Figures 
6A and 6B, respectively. Regard- 
less of the nature of the trans- 
mitted scene, the carrier increases 
to 75% of its peak amplitude for 
the blanking pulses and to 100% 
for the syne pulses. However, the 
average amplitude, above or be- 
low the zero axis, is greater in 
the case of the dark picture of 
Figure 6E than it is for the bright 
scene of Figure 6F. 


Loss of the D-C Component 
in the Receiver 


In the mixer stage of the re- 
ceiver, modulated carriers like 
those of Figures 6A and 6B are 
heterodyned with the output of a 
local oscillator and the modula- 
tion is transferred to a lower or 
intermediate frequency. The ac- 
tion is the same as that of a su- 
perheterodyne radio receiver and 
the modulated i-f is increased in 
magnitude as it passes through 
the i-f amplifier. Except for its 
lower frequency and greater am- 
plitude, the output of the i-f am- 
plifier is a replica of the incoming 
signal with an envelope like those 
of Figures 6A or 6B. 


Acting as the video detector, a 
diode with the signal of Figure 
6A applied to it has an output of 
the form shown in Figure 6C. 
With an input signal like Figure 
6B, the output is like Figure 6D. 
However, in practice, the detector 
load resistor is shunted by the ca- 
pacitances of the tube and circuit 
which filters the intermediate fre- 
quency so that the actual usable 
output has a form which more 
closely resembles those shown in 
Figures 6E and 6F. Thus, the de- 
tector demodulates the i-f carrier, 
and its output wave-form is a 
replica of the original video sig- 
nals produced at the transmitter. 

The video amplifier increases 
the magnitude of the detector out- 
put voltage, without causing any 
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change of frequencies therefore, 
the curves of Figures 6E and 6F 
can represent the video signal 
voltage impressed across the con- 
trol grid circuit of the picture 
tube. 


A resistance-capacitance coup- 
ling circuit is show in Figure 7A 
where e,., represents the applied 
signal voltage, e, represents the 
portion of e,. which appears 
across R,, C, is the coupling ca- 
pacitor and R, is the grid resis- 
tor. The cathode of the CRT con- 
nects to the slider on potentio- 
meter P; which is part of a volt- 
age divider between the “+” of 
the plate voltage supply and 
ground. 


The grid bias is controlled by 
the position of the sliding contact 
of P,, and the portion in series 
with the cathode is bypassed by 
capacitor C.. By regulating the 
bias supply voltage E..., potenti- 
ometer P; serves as the manually 
operated brilliance or brightness 
control. 


In television, the polarity of the 
signal voltage is important be- 
cause the blanking pulses must 
drive the picture tube grid nega- 
tive to produce a “black” screen. 
These pulses are indicated as 
positive in the curves of Figures 
6E and 6F. With this polarity, 
they can be applied to the cathode 
of the picture tube, or they can 
be inverted and impressed on the 


grid with negative polarity as in- 
dicated in the curves of Figure 7B. 


In the normal action of an am- 
plifier stage, the input grid volt- 
age is 180° out of phase with the 
output plate voltage. Therefore, 
with a detector output as shown 
in Figure 6, an odd number of 
video amplifier stages provide the 
inverted output voltage of Fig- 
ure 7B. 





uy 
VIDEO 
OUTPUT 


A triode d-c restorer. This arrangement applies 

a bias to the grid of the crt to reinsert the 

brightness level. Notice the video signal a-c 

components are coupled through C: to the 
picture tube cathode. 


With a signal voltage like that 
of Figure 6E inverted and ap- 
plied across the e,., terminals of 
Figure 7A, the coupling capacitor 
C, blocks the d-c component and 
only the variations or a-c com- 
ponent appear across grid resis- 
tor R,. This a-c component e, is 
indicated by the dark picture 
curve of Figure 7B, and the aver- 
age level is indicated by the refer- 
ence line or axis located so that 
the curve forms equal areas above 
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and below it. To emphasize the 
action in the curves of Figure 7B, 
the sync and blanking pulses have 
been enlarged and the actual pic- 
ture signals reduced. 


With a signal like that of Fig- 
ure 6F inverted and applied 
across the e,., terminals of Fig- 
ure 7A, the resulting voltage e, 
is indicated by the bright picture 
curve of Figure 7B. Although 
both curves of Figure 7B are 
drawn on the same average level 
or base line, the pulses of the 
dark picture are less negative 
than those of the bright picture, 
while the other parts of the bright 
picture are more positive than 
those of the dark picture. Thus, 
the d-c blocking action of the 
coupling capacitor has changed 
the fixed reference for the signal 
from the blanking level to the 
average signal level. 


To illustrate the transfer of 
these changes of grid voltage to 
corresponding variations of screen 
brightness, the I,E.. characteristic 
curve of the picture tube of Fig- 
ure 7 is shown in Figure 8. The 
e. voltages of Figure 7B are add- 
ed to the d-c bias E,.. and, for this 
explanation, assume that control 
P, has been set so that the nega- 
tive blanking pulses of the bright 
picture drives the grid negative 
to cutoff. 


To illustrate this action, the 
direct voltage applied to the grid 
is indicated by the broken ver- 


tical line in Figure 8. The a-c grid 
voltage is shown by superimpos- 
ing the e, curves of Figure 7B 
on this line. Then, projecting 
these values upward to the char- 
acteristic curve, the resulting in- 
stantaneous changes of screen 
brightness are plotted to the 
right. These brightness curves in- 
dicate the reproduction of the 
bright picture would be satisfac- 
tory as the image details are be- 
tween gray and white while the 
blanking pulses drive the grid 
negative to cutoff and cause a 
black screen. 


However, for the dark picture, 
the image details are too bright 
and the blanking pulses are not 
sufficiently negative to cause a 
black screen. By increasing the 
negative bias until the dark pic- 
ture pulses drive the grid to cut- 
off, correct reproduction could be 
obtained, but then the bright pic- 
tures would be too dark. Thus, 
to reproduce pictures with proper 
average brightness and blanking 
pulses sufficiently negative to 
reach the black level, it would be 
necessary to adjust the bias volt- 
age for each change of scene. 


D-C RESTORER CIRCUITS 


Whiie this is possible, it is not 
practical as almost constant ad- 
justment would be necessary. 
Therefore, circuits have been de- 
veloped to make the required 
changes automatically. Since in 
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effect, the automatic change of 
bias restores the d-c component 
of the original signal, the circuit 
is known as a d-c restorer. The 
common types of d-c restorers 
are described in the remainder of 
this lesson. 


Diode D-C Restorer 


One d-c restorer employs the 
coupling circuit of Figure 7A with 
the addition of a diode as shown 
in Figure 9A. For simplicity, all 
frequency compensating and de- 
coupling units are omitted and 
only the basic coupling units be- 
tween the video amplifier tube V, 
and picture tube V; are indicated. 
The diode tube V» is connected 
directly across, in parallel with, 
grid resistor R. 


The parallel combination of R, 
and Vz is in series with coupling 
capacitor C, between the plate of 
V, and ground and also in series 
with the d-c bias voltage E,.. in 
the V; grid-cathode circuit. The 
coupling capacitor C, blocks the 
d-c plate voltage of tube V,, but 
as the incoming signals cause 
variations of plate voltage, the 
resulting charge and discharge 
currents of C, are carried by the 
R, V2 combination. 


When the receiver power is 
turned on, the plate voltage of 
tube V, is impressed across ca- 
pacitor C,; which charges through 
grid resistor R,. During this ac- 
tion, electrons flow from ground 


through resistor R, to one capaci- 
tor plate which becomes negative, 
thereby forcing electrons from 
the other plate, through Vj, plate 
load resistor R, to B+ and 
through the plate supply to ground. 
This flow of electrons through R, 
causes a voltage which is posi- 
tive toward the grid of V; as in- 
dicated. 


With capacitor C, charged and 
no change of tube V; control grid 
voltage, there is no electron flow 
through, or voltage across, R,. 
Therefore, the negative plate of 
C,, the grid end of R,, the cath- 
ode of diode V», and the control 
grid of picture tube V; are at 
ground potential. However, the 
cathode of tube V; is maintained 
positive with respect to ground, 
by the voltage across the lower 
portion of potentiometer P;. With 
the cathode as the reference point, 
the control grid of V3 is Ecc volts 
negative. 


With signal voltages like those 
of Figures 6E and 6F impressed 
on the control grid of tube Vj, 
Figure 9, the plate voltage varies 
according to the curves of Figure 
7B and these changes are im- 
pressed on coupling capacitor C). 
However, the v-f amplifier plate 
is never negative with respect to 
ground. Therefore, the curves of 
Figure 7B represent the varia- 
tions of positive voltage. By con- 
sidering the horizontal line as the 
normal or “no-signal’’ plate volt- 
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age, the “+” parts of the curve 
represent increases while the 
“—" narts represent decreases of 
plate voltage. 


Connected between the plate of 
V, and ground, capacitor C, 
charges as the plate voltage in- 
creases and discharges as the 
voltage decreases. During the ca- 
pacitor charge, the electron flow 
follows the path explained pre- 
viously, and the resulting volt- 
age across R, has the indicated 
polarity. While the capacitor dis- 
charges, the electron flow is from 
the negative plate through R, 
to ground and through the tube 
V, from cathode to plate, to the 
capacitor positive plate. During 
intervals of capacitor discharge, 
the polarity of the voltage across 
R, is reversed so that its ground- 
ed end is positive. Thus, varia- 
tions in the positive voltage on 
the plate of tube V, cause an 
alternating voltage across resis- 
tor Ry. 


Connected with its plate to 
ground, diode V. is in parallel 
with resistor R,;. Therefore, any 
voltage across the resistor is im- 
pressed across V» also. While ca- 
pacitor C, is charging, the polar- 
ity of the voltage across R, drives 
the cathode of V. positive with 
respect to the plate, therefore the 
tube is non-conductive. However, 
with capacitor C, discharging, 
the polarity across R, reverses, 
the cathode of V. is negative with 


respect to the plate, and the tube 
becomes conductive. Because of 
this action, C, charges through 
the comparatively high resistance 
of R, and discharges through the 
low resistance of R,; and V. in 
parallel. 


C, and R, are so chosen that 
the RC time constant of the charg- 
ing circuit is equal to the interval 
of about 10 horizontal lines. 
Therefore, for each individual line 
of the image, the charging cur- 
rent is fairly constant. Carried 
by resistor R,, the charging cur- 
rent causes a voltage which is im- 
pressed on the grid-cathode cir- 
cuit of the picture tube. 


In the circuit of Figure 9A, 
there are two sources of voltage. 
First, the voltage E,.. across the 
lower portion of potentiometer 
P,. This voltage maintains the grid 
negative with respect to the cath-4/ 
ode. Second, the voltage across 
resistor R;. Proportional to the 
charging current of capacitor C,, 
this voltage has a polarity that 
tends to drive the grid positive 
with respect to the cathode. Thus, 
the net grid bias is equal to the 
difference between these two op- 
posing voltages. 


When capacitor C, discharges, 
tube V. becomes conductive and 
the resulting low resistance of 
the parallel combination reduces 
the voltage across R, to a neg- 
ligible value. Under these condi- 
tions Ecc is the only effective 
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voltage in the grid-cathode cir- 
cuit. 


Potentiometer P, is adjusted so 
that, with no signal input, the 
picture tube grid is biased to 
beam cutoff, or zero screen bright- 
ness. Also, with the receiver in 
operating condition, with no sig- 
nal input, coupling capacitor C, 
is charged to the plate voltage of 
tube V, and there is no voltage 
across R,. 


To illustrate the action with 
signal voltages like those of Fig- 
ure 7B, the plan of Figure 8 has 
been used for Figure 9B. Again, 
the signal voltages on the grid 
are shown at the lower left, and 
the bias voltage Ecc is adjusted 
to slightly beyond cutoff. As the 
first negative blanking pulse 
causes a sudden drop in the plate 
voltage of V;, capacitor C, dis- 
charges rapidly to the lower 
value. As diode V. is conductive 
during this action, the discharge 
has no appreciable effect on the 
grid voltage of V;. 


At the expiration of the blank- 
ing pulse, the plate voltage of V, 
rises suddenly to its former value 
and capacitor C, starts to charge 
immediately. As diode V. is non- 
conductive during this action, the 
charging current is carried by 
resistor R, and the resulting volt- 
age across it drives the grid of 
V3; more positive or less negative. 
The voltage across R, is propor- 
tional to the difference between 
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the average plate voltage of V; 
and the lower value caused by the 
blanking pulse. The magnitude of 
this difference is shown by arrow 
Ex, in the bright picture curves 
of Figure 9B. 


For a bright scene such as this, the picture 
tube grid operates only slightly negative with 
respect to the cathode voltage. 


Courtesy Sentinel Radio Corp. 


Since Ecc is greater than Ex, 
the net bias is equal to Eec—En, 
and in this case, is indicated by 
the position of the vertical dashed 
line that intersects the I,-E, curve 
near its middle. Intersecting the 
curve at the same point, a hori- 
zontal dashed line indicates the 
relatively high average beam cur- 
rent, and therefore, high aver- 
age screen brightness, due to the 
bright picture signal. 


Page 28 


Syne Circuits and D-C Restorers 





For a dark picture, the general 
action is exactly the same, but 
the difference between the aver- 
age signal level and the negative 
blanking pulses is much less than 
for the bright picture. Therefore, 
the blanking pulses cause a small- 
er reduction of V,; plate voltage 
and capacitor C, discharges less. 
After the expiration of the blank- 
ing pulse the plate voltage rises 
to its average value and the ca- 
pacitor starts to charge. However, 
as this voltage increase is com- 
paratively small, the charging 
current is correspondingly low. 
The resulting voltage across R, 
is indicated by arrow Ex, at the 
lower left of Figure 9B. Since 
Ex,, is small, the net bias, Eco— 
Ex,, is large so that the operating 
point is near the low end of the 
I,-E, curve. As a result, the aver- 
age brightness of the scene is re- 
duced to its proper value. 


This arrangement automatical- 
ly varies the picture tube screen 
brightness to correspond to the 
difference between the dark level 
and average level of the transmit- 
ted signal. Thus, in effect, it re- 
stores the d-c component indicat- 
ed as E,.. in Figures 6E and 6F. 


In the upper right section of 
Figure 8, the screen brightness 
varies above and below the aver- 
age level of the signals and the 
blanking pulses of the dark pic- 
ture do not reach the black level. 
In the upper right section of Fig- 


ure 9B, all blanking pulses ex- 
tend to the black level, which is 
the reference, and the average 
level is at the proper distance 
above the reference. 


To simplify the explanations 
of Figure 9, it was assumed that 
each blanking pulse caused diode 
V. to become conductive. In ac- 
tual operation, a state of equil- 
ibrium is reached after which 
only the extremely negative sync 
pulses overcome the voltage across 
Ex, and cause conduction of Vz. 
The diode current during these 
pulses is indicated by curve I, 
of Figure 9B. Due to these short 
current pulses, the voltage across 
R, varies with scenes of different 
average brightness to provide the 
action as explained. 


To prevent interaction with 
the signal coupling circuits, in 
practice, the diode d-c restorer 
is isolated, as shown in Figure 
10. Here, the signal coupling ca- 
pacitor C; is connected from the 
junction between peaking coils L; 
and L» in the plate circuit of the 
video amplifier output tube V, to 
the control grid of picture tube V3. 


Compared with the circuit of 
Figure 9A, R, and Ly replace R,; 
R;, Rg, and R; replace R,, and C; 
replaces Cy. So far as the video 
signals are concerned, the cou- 
pling action is the same in both 
circuits. The d-c restoration is ob- 
tained by means of resistor R,, 
capacitor €,, and diode V. con- 
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nected across resistor Ry. The ac- 
tion of these components is as ex- 
plained for C,, Ri, and V2 of 
Figure 9A. 


Resistor R, limits the current 
in the circuit of Cy, when diode 
V2 is conductive. As the restorer 
circuit is connected to the junc- 
tion between L» and Rs, its ca- 
pacitances are isolated from the 
plate-cathode circuit of the video 
output tube V;. In much the same 
way, resistor R; provides a con- 
ductive path for the grid of pic- 
ture tube V; but isolates the ca- 
pacitance of the diode. 


Grid Leak D-C Restorer 


A second type of d-c restorer 
circuit is shown in Figure 11A. 
The output of video amplifier V, 
is direct coupled to the grid of 
picture tube Vs. C, and R, pro- 
vide grid leak bias for V, while 
R, serves as the plate load re- 
sistor for V; and as the grid re- 
sistor for V». Potentiometer P, 
is the manual brightness control. 


Reviewing briefly, the grid leak 
bias is produced as a result of 
cathode-to-grid electron flow in 
V,. The positive peaks of input 
signal e; drive the amplifier grid 
positive with respect to the 
grounded cathode and, captured 
by the grid, electrons travel to C, 
which thus becomes charged to 
the peak value of e, and to the 
polarity indicated. During the in- 
terval between positive signal 


peaks, C, discharges slightly 
through R,, the electrons leaving 
the negative plate of the capac- 
itor and flowing down through R, 
to ground so that the voltage Ex, 
has the polarity indicated. 


The capacitance of C, and the 
resistance of R, are relatively 
large, therefore C, does not dis- 
charge to a very great extent be- 
tween positive signal peaks but is 
recharged fully by each peak. Be- 
cause of this, the discharge cur- 
rent of C, maintains the grid bias, 
Ex,, at a value only slightly less 
than the peak applied signal volt- 
age, and only the positive syne 
pulses are able to overcome this 
bias and cause cathode-to-grid 
conduction of Vj. 


The bias Ex, is directly pro- 
portional to the peak amplitude of 
the applied signal, and therefore, 
it is greater for a bright-picture 
signal having high amplitude 
blanking pulses than for a dark- 
picture signal having low ampli- 
tude blanking pulses. In other 
words, tube V; operates with a 
variable grid bias which is de- 
termined by the amplitude of the 
blanking pulses of the video sig- 
nal. 


The I,-E, characteristic of V; 
is represented by the curve of 
Figure 11B. The wave-forms in 
the lower left show that a bright- 
picture signal develops a large 
bias E,,, causing the tube to op- 
erate at a low point on the curve. 
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In contrast, a dark-picture sig- 
nal develops a small bias, E’,,, 
causing the tube to operate at a 
high point on the curve. 


In the upper right of the Fig- 
ure, the horizontal dashed lines 
represent the average plate cur- 
rent for the respective picture 
conditions. As shown, the differ- 
ence in these values results in the 
tops of the blanking pulses being 
at the same level. That is, the d-c 
component has been restored by 
the action of the V, grid leak bias 
circuit. 


To retain the reinserted d-c 
component, it is necessary to em- 
ploy direct coupling between the 
output of the video amplifier and 
the picture tube. Therefore, no 
blocking capacitor is used be- 
tween the plate of V, and the 
grid of V. in Figure 11A. 


As explained for Figures 9 and 
10, the d-c component of the video 
signal is employed to automatical- 
ly vary the bias of the picture 
tube so that the average bright- 
ness level of the screen corre- 
sponds to that of the transmitted 
scene. In the circuit of Figure 
11A, the picture tube grid-cath- 
ode d-e circuit includes R,, and 
the portion of potentiometer P, 
between B+ and the slider. Since 
it is connected through R,, to B+, 
the picture tube grid would be 
positive with respect to the cath- 
ode by an amount equal to Ec 
if there were no voltage across 


R,. However, V, plate current de- 
velops a voltage, Ex,, having the 
polarity indicated, so that the V. 
grid-cathode circuit contains the 
two series-opposing direct volt- 
ages, Ep, and E,.. Determined 
by the setting of brightness con- 
trol P;, E.. has a fixed value, 
while the average of Ex, varies 
directly with that of the V, plate 
current, as indicated at the ex- 
treme right of Figure 11B. 


Figure 11C shows the I,-E, 
characteristic curve of the pic- 
ture tube of Figure 11A. With 
the cathode potential as a refer- 
ence, voltage E,.. is shown as a 
positive value. However, the series 
opposing negative voltage Ex, is 
greater than E,., so that the net 
grid bias E. is negative. For a 
bright-picture signal, the average 
value of Ex, is low, and the dif- 
ference between it and E,. is 
small, causing the tube to oper- 
ate at a relatively high point on 
the curve. For a dark-picture sig- 
nal, the heavier average video am- 
plifier plate current produces the 
higher voltage, E’‘y,, and the 
large difference between this and 
E... provides a high net negative 
bias Ec so tube V. operates near- 
er cutoff as indicated. 


Figure 11C shows that the 
screen brightness level is high in 
the case of the bright-picture sig- 
nal and low when the dark-pic- 
ture signal is being received, 
while all blanking pulses reduce 
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the brightness to the black level. 
These, of course, are the desired 
picture tube operating conditions 
and correspond to those shown in 
Figure 9B. 


In the circuit of Figure 11A, 
failure of the input signal will 
result in V, operating at zero 
bias, and thus permit a heavy 
plate current. A high Ex, is pro- 
duced to bias the V2 grid to cut- 
off. In like manner, in the cir- 
cuit of Figure 9A, failure of the 
signal results in loss of the posi- 
tive direct voltage E,,, allowing 
the negative bias to cut off the 
picture tube beam. Thus, both of 
these circuits automatically re- 
duce the spot intensity to the 
black level. Therefore, the fluores- 
cent coating of the picture tube 
screen is not damaged by exces- 
sive electron bombardment when, 
for any reason, there is no signal 
input to the video amplifier. 


The grid leak type d-c restorer 
is used in the video amplifier cir- 
cuit of Figure 12. Operated with 
its cathode at ground potential, 
video amplifier V, has its bias 
developed across grid resistor R,. 
A d-e blocking capacitor is not 
employed in the output coupling 
circuit, the V, plate being con- 
nected directly through coil L, to 
the grid of picture tube Vy. The 
cathode of V. obtains its positive 
voltage from the slider on poten- 
tiometer P,, while the grid is con- 
nected through L, and R; to the 


+190 volt terminal of the power 
supply. Thus, the grid voltage is 
equal to 190 volts minus the volt- 
age, Ep,, produced by the V, plate 
current. 





Average scenes, such as this, have backgrounds 

which are about midway between white and 

black. If the brightness and contrast controls 

are set for proper reception of this type of 

scene, generally tie lack of d-c reinsertion is 
not noticeable. 


Courtesy Emerson Radio and Phonograph Corp. 


The slider on P, is set so that 
the cathode is more positive than 
the grid, thus providing the prop- 
er grid-cathode operating volt- 
ages for the picture tube. The 
action of this circuit is like that 
explained for the simplified cir- 
cuit of Figure 11A. Briefly, in 
Figure 12, the V, grid leak bias 
is proportional to the amplitude 
of the blanking pulses of the ap- 
plied video signal. Thus, the high 
amplitude pulses of a bright-pic- 
ture signal result in low plate 
current and voltage, Ex,, permit- 
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ting V» to operate with small neg- 
ative bias and high average beam 
current, while the low amplitude 
pulses of a dark-picture signal 
result in a high Ez, so that V» 
operates with reduced average 
beam current. 


DIRECT COUPLING 


As mentioned earlier, the d-c 
component is lost when the signal 
passes through the v-f amplifier 
because of the d-c blocking capac- 
itors used in the interstage cou- 
pling circuits. This loss of the d-c 
component is prevented, and the 
need for a d-c restorer eliminated, 
by the employment of direct-cou- 
pled v-f amplifiers. 


This arrangement is used in the 
circuit of Figure 13 which in- 
cludes the video detector, the 1st 
v-f amplifier, the v-f output stage, 
and the picture tube grid-cathode 
circuits of a commercial television 
receiver. Detector V; is coupled 
directly through L, to the grid of 
first v-f amplifier V», the plate of 
which is coupled directly through 
L, and L; to the grid of V;. The 
plate of the v-f output tube is 
coupled directly through R,, to 
the grid of picture tube V,. Thus, 
with direct coupling from the out- 
put of the detector to the grid of 
the picture tube, the signal d-c 
component is retained at all 
times. 


When direct-coupled amplifier 
stages are employed, the grid of 


each tube obtains its operating 
voltage from the same source as 
the plate of the preceding tube. 
At the same time, the proper di- 
rect voltage relations must be 
provided for the various elements 
of each tube. This circuit requires 
a voltage divider system like that 
shown along the lower portion of 
Figure 13. Extending from the 
—125 v to the +120 v terminals 
of the power supply, this divider 
consists of potentiometer P, and 
resistors Ris, Rig Riz, and Ry. 
Operating at the same voltage, 
the plate of V; and grid of V. are 
supplied —125 volts through R;, 
Re, Ls, and Ls. 


To permit proper operation of 
Vi, its cathode circuit is connected 
to the junction between R. and 
R;, this junction being held at sig- 
nal ground potential by C.. The 
V. cathode is connected through 
R, to the slider on potentiometer 
P;, which is connected from the 
—125 v terminal to the —80 v ter- 
minal. Hence, the cathode is less 
negative, or more positive, than 
the grid. In a like manner, the V 
plate is connected through Ly, Ls, 
R,, and Ly to the —50 volt termi- 
nal and, therefore, it is less nega- 
tive (or more positive) than 
either the cathode or the grid. 
Connected to the + 25 v terminal, 
the screen grid is operated at 
higher potential than the plate. 


Disregarding the very small 
voltage across coils L; and L;, the 
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V; control grid is at the same 
operating voltage as the V2 plate. 
With respect to the —50 v power 
supply terminal, both the V» plate 
and V; grid are negative by the 
amount of the voltage across Rx. 
Connected from the —50 v to the 
—125 v terminals, is the voltage 
divider Ry, Rs, R;, and L;. The Vs 
cathode connects to the junction 
between R; and Rg, and the vari- 
ous resistances are proportioned 
so that the cathode is positive 
with respect to the grid. 


The V; screen grid is connected 
directly to the +120 v terminal, 
while the voltage divider consist- 
ing of Ry. and Ls, Ru, Rio, Ris, 
and Rs», in series is connected be- 
tween this point and the —125 v 
terminal. As one end of this di- 
vider is positive with respect to 
ground, while the other end is 
negative with respect to ground, 
a point of zero potential must 
exist somewhere along the divid- 
er. In this receiver, Ri; and Re, 
are each greater than 2 megohms, 
while the resistance total of the 
remaining sections of the divider 
is less than 10,000 ohms. There- 
fore, the point of zero potential 
actually lies somewhere along Ry;. 
Connected to the junction between 
Rio and Ry, the V; plate there- 
fore is positive with respect to 
ground. 


The V, grid is connected to the 
junction between R,; and Raj, 
which is a few volts negative with 


respect to ground, while the cath- 
ode is connected to the slider on 
potentiometer P, which forms a 
part of a voltage divider connect- 
ed from the +120 v to the —50 v 
power supply terminals. In the 
coupling circuit between V; and 
V,, the signal d-c component is 
coupled through R,3, while the a-c 
components are coupled through 
Cy, Co, Ly, and Ry. 


IMAGE EFFECTS VARY 
WITH SCENES 


As explained, in receivers which 
employ a coupling capacitor be- 
tween the video amplifier and pic- 
ture tube, either a bright scene is 
reproduced too dark, or a dark 
scene is reproduced too bright, 
depending upon the setting of the 
brightness control, if there is no 
d-c restorer. However, since only 
a few scenes are very bright or 
very dark, an optimum setting of 
the brightness control can be 
found such that the absence of 
d-c restoration is scarcely notice- 
able for most of the scenes. 


In the case of a bright scene, 
the overall darker image produced 
on the screen of a receiver with- 
out a d-c restorer or direct cou- 
pling is not noticed either, since 
the viewer has no way of knowing 
how bright the scene is at the 
studio. Thus, it is only the dark 
scenes which, in some but not all 
cases very definitely require d-c 
restoration for proper reproduc- 
tion. 
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For example, suppose bright- 
ness control P, in Figure 9A is 
set to provide operation as indi- 
cated for the bright picture signal 
in Figure 9B, in a receiver which 
does not have a d-c restorer. 


As coupling capacitor C, con- 
nects through R, to ground, this 
capacitor is charged to a voltage 
equal to the average of the plate 
of V,, with respect to ground. 
The V, plate voltage variations 
cause C, to alternately charge and 
discharge through R,, thus pro- 
ducing across this resistor a sig- 
nal voltage which is applied to 
the grid of V3. This signal voltage 
varies the V; grid positive and 
negative with respect to the bias 


Due to the bright picture sig- 
nal, the average plate voltage of 
V, is relatively high. Therefore, 
the average voltage across C, is 
high also. Suppose now, the pic- 
ture signal changes to the form 
produced by a dark scene at the 
studio. For the dark picture sig- 
nal, the average V, plate potential 
falls to a lower positive value. To 
reduce to this lower average volt- 
age, the coupling capacitor dis- 
charges, with electrons flowing 
from the negative plate of C,, 
down through R, to ground, 
through V, to the opposite capac- 
itor plate. This discharge current 
produces a direct voltage compo- 
nent E,x,, which aids the bias EF... 
In this case, the polarity of Ep, 


is opposite that indicated in the 
Figure. 


With the negative voltage Ex, 
added to E,., the total bias on V; 
is relatively high, and the picture 
tube grid operates near cutoff as 
indicated for the dark picture sig- 
nal. However, as C, continues to 
discharge, its discharge current 
gradually decreases and the nega- 
tive voltage E,, decreases. If the 
scene contains one or more verti- 
cal “white columns’, or lines, this 
information is represented by 
large amplitude positive swings 
of the signal during a portion of 
each scanning line. These highly 
positive excursions of the signal 
recharge C, to some extent to re- 
plenish the energy lost due to its 
discharge during the dark parts 
of the scene. With its charge re- 
placed by the white columns in 
the scene, C, can provide a rea- 
sonably large discharge current 
during the remainder of each 
scanning line, and thus maintain 
the negative voltage E,,. So long 
as Ex, is provided in this manner, 
the total bias on the picture tube 
grid is large, and the grid oper- 
ating point is near the lower end 
of the I,-E. curve, as it should be 
for proper reproduction of a 
mostly dark scene. 


Because of the action just de- 
scribed, a mostly dark scene con- 
taining white columns results in 
reasonably good reproduction in 
a receiver using capacitive cou- 
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pling, even though a d-c restorer 
is not employed. Due to this fact, 
and because the lack of d-c re- 
storation is not noticeable for 
most other types of scenes, many 
manufacturers do not include a 
d-c restorer in their television 
receivers. 


To continue with the above 
example, suppose the dark scene 
does not contain white columns, 
but instead, has only one or two 
relatively small white objects. 
That is, the white objects have 
short vertical dimensions so that 
they cover only a few scanning 
lines. An example is a lighted 
candle in a darkened room. In 
the reproduced image, the room 
should be nearly black, except for 
the area near the candle. 


In this case, after the picture 
signal changes from the bright to 
the dark form, Figure 9B, the 
coupling capacitor begins to dis- 
charge as before, to produce the 
negative voltage E,y,. At the be- 
ginning of the discharge action, 
the discharge current and there- 
fore Ex, are large. This value of 
Ex, added to E.. produces a high 
total bias to operate the picture 
tube near cutoff, as shown for 
the dark picture signal in Figure 
9B. During the portions of the 
scene where there is no bright 
object, there are no_ positive 
swings of the signal to recharge 
capacitor C,. Therefore, C, con- 
tinues to discharge with an ever 


decreasing discharge current. The 
negative voltage E,, decreases at 
a rate determined by the time 
constant R,Ci. 





Although the background is dark in this image, 

the vertical white central portion supplies en- 

ergy during each scanning line to maintain 

the large bias needed by the picture tube grid 

for proper operation, even though the receiver 
may not contain a d-c restorer. 


Courtesy Bendix Radio Division of 
Bendix Aviation Corp. 


As Ep, decreases, the total 
negative bias on the grid of V; 
becomes less, so that the oper- 
ating point gradually shifts 
toward positive, or to the right 
in Figure 9B. Finally, when C, 
has discharged to the lower aver- 
age voltage of the V, plate there 
is no more discharge current, and 
the direct voltage component Ex, 
becomes zero. With Ep, equal to 


Page 36 


Syne Circuits and D-C Restorers 





zero, the only bias on the picture 
tube grid is E,.. The dark picture 
signal then varies about the oper- 
ating point determined by E.., 
as shown in Figure 8B. Thus, in- 
stead of being black, or nearly 
black, the “dark” portion of the 
reproduced scene is only dark 
gray, or even light gray, depend- 
ing upon the setting of the bright- 
ness control. 


The small white objects permit 
C, to recharge to some extent, so 
that proper operation is obtained 
during the scanning lines con- 
taining the objects, and a few 
lines thereafter. But, as the dis- 
charge current of C, dies down, 
the screen again becomes gray. 
Thus, with a dark scene of this 
type, improper shading of the 
background is produced in the 
picture in these receivers which 
employ capacitive coupling with- 
out a d-c restorer. 


Usually, it is necessary to make 
correcting adjustments in signal 
level and shading at the trans- 
mitting station when the program 
switches from a studio scene to 
film pick up, or vice versa. If 
these adjustments aren’t made at 
the station, the motion picture 
scenes may appear too dark at 
the receiver, or the studio scenes 
too bright, due to the faithful 
reproduction by a receiver con- 
taining a d-c restorer. As a re- 
sult, the viewer must make com- 


pensating adjustments of contrast 
and brightness each time such a 
program switch occurs. 


Although it is due to the fact 
that the transmission levels are 
not correct for the various scenes, 
this need for frequent adjustment 
of brightness and contrast is in- 
terpreted as a receiver fault by 
many viewers. Some servicemen 
have found it possible to satisfy 
this complaint by removing the 
d-c restorer. As explained, with- 
out a restorer, the dark scenes 
are lighter and the bright scenes 
darker than the originals. Thus, 
all scenes approach a medium 
brightness level. The owner then 
has a receiver which does not give 
as faithful reproduction as it did 
before, but he does not have to 
make adjustments as often. 


On the other hand, some owners 
of receivers which do not have 
a d-c restorer complain of the 
uneven shading effects produced 
during the dark scenes, as de- 
scribed above. If the contrast and 
brightness controls are working 
properly, this complaint indicates 
that the viewer notices the lack 
of d-c restoration. In these cases, 
customer satisfaction is gained 
by installing a d-c restorer. In 
fact, some servicemen add a d-c 
restorer to receivers which come 
into their shop and which do not 
already contain such a circuit. 
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IMPORTANT DEFINITIONS 


D-C COMPONENT — in television, the video signal level which cor- 
responds to the background brightness of the televised scene. 


D-C RESTORER— in a television receiver, a circuit in which diode 
action provides automatic regulation of the crt bias in such a 
may that the d-c component of the video signal is reinserted. 
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FROM OUR Director's NOTEBOOK 


THERE ARE NO SHORT cuts 


The sooner 4 man is convinced that there 
are no short cuts in life, the better for him. 
Some men, however, never seem to realize 


cess, @ short cut to reputation, a short cut 


They walk along the high road with @ 
continual sense of grievance: Every now and 
then they deviate to the right or to the left, 
hoping to be able to cut a comer; but we 
always find them returning to the main road, 
and invariably 4 little WaY behind the spot 


Yours for success, 


Wl fbleup 


DIRECTOR 


